Five Pb-alloy Josephson junctions of various sizes were fabricated together and variations in their electrical parameters were studied. The dependence of the excess current on the junction geometric dimensions is demonstrated. As the area to perimeter ratio of the junction is increased, there is a proportional decrease in excess current density. A simple analysis indicates that there is an insignificant contribution to excess current through the interior planar area of the junction with most of the excess current generated at the edges.
INTRODUCTION
A major factor determining packing density in current computer technology is device dimensions. Miniaturization is one technique used to increase the density of circuits and some of the problems associated with this approach have been identified. It is well known, for example, that on-chip power dissipation increases resulting in detrimental heating effects as circuits are decreased in size. Josephson technology offers a possible solution to this problem since it allows the transfer of heat directly from chips into a liquid coolant bath. I Another paper2 reports that current density depends on size, being lower for smaller area junctions. The authors attribute their results to the backscattering of insulating material into the junction interior during rf oxidation. Outside of these results nothing could be found in current literature regarding the effects of junction size on electrical parameters which affect device performance.
The object of this paper is to report on the electrical parameters of Pb-alloy Josephson junctions as a function of size. The focus shall be on the variations found in the excess current as the junction size is changed. The excess current for five junctions of different rectangular sizes and fabricated together is determined by fitting experimental data for each junction to a theoretical BCS curve. The remainder after subtraction of the theoretical curve from the experimental curve gives values of excess current through each ofthe junctions. Since these junctions were fabricated together and are in close proximity we expect variations in normalized excess current to be due to different geometries, not to different barrier characteristics. 3 A simple model to account for the results will be discussed. Figure 1 depicts the experimental configuration employed in this study. Five Josephson junctions supported by a silicon chip are shown on the left side of the figure. The junctions are approximately rectangular in shape and labeled in increasing size from 11 to JS (see Table I for the area and perimeter of each). A Pb-Bi counter electrode, delineated as a staircase like structure, is common to all junctions. PblnAu base electrodes are shown as part of separate conductor lines extending from the junction area and terminating at square Pb pads labeled PI through PS in the figure. The silicon chip is mounted on a 16 pin ceramic header. One end of two gold contact leads are thermally bonded to each Pb pad and the other ends soldered to individual header pin connections. The header is mounted on a low temperature rod which is inserted into a dewar system maintained at a temperature of 4.2 K.
EXPERIMENT
Current voltage (1-V) characteristics are obtained for each of the five junctions at 4.2 K using a four probe technique. Also, a 124A PAR lock-in amplifier was used to obtain a differentiated I-V curve for each junction. The differentiated curve is a plot of (d V / dI) -I vs V, as shown in Fig. 2 .
Lastly, the critical temperature Tc for both the PblnAu base electrode and the PbBi counter electrode was determined. All measurements were performed with the supercurrent suppressed by an external magnetic field. Figures 3 and 4 show experimental 1-V curves fitted to a theoretical BCS 1-V curve for the smallest area junction J 1 and the largest area junction J5, respectively. Note that 11 has the poorest fit and J5 the best fit to the theoretical curve and that J 1 has the lowest V m (~24) and J 5 the highest V m (~43). Data including V m for all five junctions are listed in Table I . The quality factor V m = 2101 Ix, where 10 is the critical current and Ix the current at 2 mY. Of interest is the trend of V m to increase with decreasing ratio of junction and experimental values is less than 10%. These results tend to confirm that the fitting process chosen is reasonable. A point by point subtraction of a BeS 1-V curve from an experimental 1-V curve was done for each of the five Josephson junctions 11-J5. Typical results ae found in Fig. 5 which shows the total excess current density 81D = OI T IA determined at 2 m V as a function of voltage after subtraction of the BeS curve from the experimental curve of junction 5, shown in Fig. 4 . The total excess current density has a peak at Vp ~ 2.52 mY with a maximum value of 0.274 mA. By virtue of our 1-V curve-fitting criterion, i.e., trying to obtain the best fit in the voltage range of(.d 1 + .d 2 )1e and higher, we cannot attribute too much importance to the peak voltage. Fitting to a model including a parallel resistance yielded unsatisfactory results so that the leakage current, shown in Fig.  5 , cannot be attributed to a normal resistive short in the junction.
RESULTS AND DISCUSSION
That the excess current density is negative in the neighborhood of V = (.d 1 -.d 2)1 e may be quite interesting. A larger gap smearing factor in the theoretical 1-V curve calculation could improve the fitting at V = (.d 1 -.d 2 )le but would spoil the fitting at V = (.d 1 + .d 2 )1e, and since the shape at the difference of the gaps is also sensitive to the density of the excited quasipartic1es, it may be that the negative excess current is due to nonequilibrium current injection 4 or other non-BeS tunneling. 5 Data for the other junctions are summarized in Table I which shows values for 01 TI A at 2 mY. The largest perimeter junction J5 has the lowest values of excesS current density while J 1, the smallest perimeter junction, has the highest. In Fig. 6 OlD is plotted against PIA, where P is the perimeter of the junction in lim and A the area of the junction in lim 2 • Also, V m is plotted against PIA in the same figure showing the relationship between 01 T I A and V m ; namely, the higher the excess current density the lower is V m and vice versa.
From these results, a simple model can be devised whereby any excess current through the planar surface area of the junction is defined as 81 1 and any excess current due to the edges is defined as 01 2 : Table I . To within -10% fjJ T/ P is a constant for the five junctions studied. Pinholes through the surface of the barrier oxide or some other similar mechanism was thought to be the primary contributor to the deviation found in experimental f-V curves from that predicted from the BCS theory. I This does not appear to be the case in these junctions; nearly all the excess current occurs around the edges instead. A previous paper 6 shows the spatial variation of the Josephson critical current density deduced from the magnetic field dependence of the total critical current. This study compliments the scaling of the excess quasiparticle tunnel-ing currents with junction geometry presented here. Future research should encompass both approaches on the same set of linear junctions.
SUMMARY
Varying the size ofPb-alloy Josephson junctions affects all electrical parameters with Vm increasing as size increases. The excess current increases approximately linearly as junctions are made smaller. Edge effects are more serious and lead to greater deviations from BCS theory.
